Introduction
============

Network topology is recognized as an important tool for network design and applications, especially in large area networks where the network stability and reliability are vital for network performance. The use of such tools is also applicable for more complex systems, especially when the size of network devices and components are reduced to nanoscale regimes. Nanoscale devices and networks can be used as molecular networks for applications in such areas as biomedical engineering,[@b1-ijn-6-2385] health care,[@b2-ijn-6-2385] pharmaceuticals,[@b3-ijn-6-2385] and nanomedicine.[@b4-ijn-6-2385],[@b5-ijn-6-2385] The use of a medical information bus (MIB) standard[@b6-ijn-6-2385],[@b7-ijn-6-2385] for the bidirectional interconnection of medical devices and computers was first proposed in 1984 and approved by the Institute of Electrical and Electronics Engineers and the American National Standards Institute in 2000--2001 for digital communication networks. Extensive research has improved and supported the MIB standard.[@b8-ijn-6-2385]--[@b10-ijn-6-2385] Recently, the use of molecular buffer and bus networks for the diagnosis of Alzheimer's disease has been proposed[@b4-ijn-6-2385] and a multi-access drug delivery network and stability of this has been analyzed.[@b5-ijn-6-2385] The required molecular volumes for drug or protein can be trapped and moved dynamically within the molecular bus network. The advantage of the system is that the diagnostic method can be performed within the small system, which is available as a human-embedded device for diagnostic use.

Reliability plays an important role in realistic applications and in transporting large microscopic volumes through the network. One study has investigated the performance and efficiency of network topologies.[@b11-ijn-6-2385] The efficiency power budget of optical bus and star networks have been analyzed by determining the number of stations that can be supported with and without erbium-doped fiber optical amplifiers in single folded bus, double bus, and star networks. For large-scale networks, the performance of optical network topologies of optimized semiconductor optical amplifiers was analyzed and compared.[@b12-ijn-6-2385] Bus, ring, star, and tree network topologies were investigated for differential phase shift keying 10 Gbit/s, where the quality factor and power saturation are considered. The performance of a network system is evaluated in terms of the number of users supported at the minimum signal input power of −40 dBm. The comparison of optical network topologies for wavelength division multiplexing transport networks[@b13-ijn-6-2385] was investigated for the various network topologies. Pountourakis et al[@b14-ijn-6-2385] evaluated the performance by receiver collisions analysis in high-speed optical fiber local-area networks using star topology. The quantitative comparison of the error-containment capabilities of bus and star topology in a controller area network[@b15-ijn-6-2385] was also investigated. From the above details, there is little information available on molecular network reliability. Similarly, when the signal is flown within the micro-/nanoscale network, it is important to ascertain the network reliability. Therefore, the study of molecular network reliability is necessary for large microscopic volumes and networks to avoid gene/molecule transportation problems in the network.

In this paper, the use of network topology for molecular network design is proposed. Signal transmission, in terms of signal to noise ratio (SNR) and crosstalk effects, is calculated to assess network reliability.

Molecular network topologies
============================

The basic trapping tool known as an optical tweezer is used to trap and transport the molecule within the network. Theoretically, the trapping force is induced by the gradient field of the light pulse. The trapping forces are exerted by the intensity gradients in the strongly focused light beam to trap and move the microscopic volumes. The optical forces are customarily defined by the relationship:[@b16-ijn-6-2385]
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Here, *Q* is a dimensionless efficiency, representing the fraction of power utilized to exert force, *n~m~* is the refractive index of the suspending medium, *c* is the speed of light, and *P* is the incident laser power, measured at the specimen. For a plane wave incident on a perfectly absorbing particle, *Q* is equal to 1. To achieve stable trapping, the radiation pressure must create a stable, three-dimensional equilibrium. As biological specimens are usually contained in aqueous medium, the dependence of *F* on *n~m~* can rarely be used to achieve strong trapping forces. The increase in laser power is possible but only over a limited range due to the possibility of optical damage. *Q* itself is therefore the major parameter of trapping force. In the Rayleigh regime,[@b4-ijn-6-2385],[@b5-ijn-6-2385] the trapping forces decompose naturally into two components as the scattering force and gradient force. Since, in this limit, the electromagnetic field is uniform across the dielectric, the particles can be treated as induced point dipoles. The scattering (*F~scatt~*) and the gradient field (*F~grad~*) are the Lorentz force that acts on the dipole, induced by the light field as defined by Jalil [@b16-ijn-6-2385] and Neuman,[@b17-ijn-6-2385] which can be formed within the small system, for instance a nanoring resonator.

The input trapping force for each topology is generated and controlled in the form of a Gaussian pulse within the PANDA ring resonator by the control port signals. The *E~t~*~1~ and *E~t~*~2~ represent the optical fields of the through port and drop ports, respectively, as shown in [Figure 3](#f3-ijn-6-2385){ref-type="fig"}. All parameters are defined and described by Svoboda et al.[@b18-ijn-6-2385] The electric fields *E*~0~*~R~* and *E*~0~*~L~* are the field circulated within the nanoring at the right and left side of the add-drop optical filter. Moreover, in the design of this system a molecular buffer is required in the system, which can be used to store or delay atoms/ molecules for a period of time sufficient for operation. The light intensity and velocity can also be controlled[@b19-ijn-6-2385] and used for medical applications. Several researchers have shown that the use of fluid particles (drug volumes) can result in realistic applications.[@b20-ijn-6-2385]

In this work, the use of an optical network principle to estimate network stability and reliability is proposed. In general, the major problems of large networks are reduced stability, insertion loss, and crosstalk effect (fiber channel). The insertion loss reduces the efficient transmission distance. Normally, in a popular communication network in which the signals pass through the "router," it is 5 dB. According to the performance of the proposed point-to-point transmission system, a required network can be built over at least 50 km. In future, along with the development of dense wavelength division multiplexing technology, it will be possible to reduce the insertion loss to less than 1 dB.[@b21-ijn-6-2385] The multivariable network will be able to cover more than 100 km with high capacity. The crosstalk effect is mainly due to a signal of co-channel interference and adjacent-channel interference, resulting in bit errors in the system. The crosstalk can be considered in terms of channel separability. For a network, crosstalk brings bit errors, which must be reduced to a very low level. Insensity loss and fiber coupling loss can be estimated as:
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Here, *P~in~* and *P~out~* are input and output intensities; *P~j~* (*λ~i~*) is output intensity with wavelength *λ~i~*, which exports from port *j; P~i~* (*λ~i~*) is output intensity with wavelength *λ~i~,* which exports from port *i. P~i~* (*λ~i~*) in [Equation 3](#FD3){ref-type="disp-formula"} is equal to *P~out~* in [Equation 2](#FD2){ref-type="disp-formula"}.
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It is assumed that all input photons from any user are the same when they enter the router. Since a light pulse can pass through two add-drop filters when it passes a router, then the FC versus efficient signals is given as:
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Now consider the situation where it is assumed that the input light pulse is not equal. Here the input photons have X dB insertion loss before they pass through a router. But light pulses that produce crosstalk do not produce any insertion loss. Thus, the ratio in [Equation 6](#FD6){ref-type="disp-formula"} will become 10^\[^*^X^*^+2\ ×^ *^FCj(λi^*^)\]/10^. If there are many inputs that produce crosstalk, the ratio must be
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Usually, the SNR has the general applicability to the analysis of sensory discrimination (by nerve cells and by whole organisms) and to the performance of networks. Therefore, in this paper, SNR analysis is used to characterize or compare the level of desired signal with the level of background noise for reliability of neural information transmission. It is defined as the ratio of signal power (PS) to the noise power (PN) in decibel values as shown in [Equation 8](#FD8){ref-type="disp-formula"}.
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A star network applied to a delivery system[@b4-ijn-6-2385],[@b22-ijn-6-2385] is most commonly used in computer networks. This network features a central connection point called a hub. In this study, it is replaced by a molecular buffer or router and each network node is replaced by neural cells as shown in [Figure 1](#f1-ijn-6-2385){ref-type="fig"}, which consist of four nanodevices (add/drop filters) before reaching the neuronal cells. First, a device called a "PANDA ring resonator" is used to generate the potential well for trapping the drug molecule. Second, the drug molecules are stored in the storage unit. Third, a molecular buffer functions as a molecular router to distribute the drug molecule to the targets (neuronal cells). Finally, a suitable molecule size can be tuned and obtained by the add-drop filter and required targets. The amplification part shows the example of kinesin and dynein molecule transportation, where the waveguide is connected to the microtubule of neuronal cells, as reported by Mitatha et al.[@b4-ijn-6-2385] The microgel/nanogel was used to connect the nanodevice and neuronal cells.

Devices typically connect to the hub, which acts as a conduit to transmit messages. If the central connection point is passive, the originating node must be able to tolerate the reception of an echo of its own transmission, delayed by the two-way transmission time plus any delay generated in the central connection point (hub). The active star network has an active central connection point to solve echo-related problems. The advantage of this topology is that a failure in any node in a star network cable will only take down those failing nodes, not the entire network. However, the optical star topology distributes the optical power equally to the output port and the number of users supported by the star is less than 64 nodes.[@b23-ijn-6-2385] [Figure 2](#f2-ijn-6-2385){ref-type="fig"} shows a ring network in which every node has exactly two adjacent neighbors for communication purposes. All messages travel through a ring in the one direction (clockwise/counterclockwise). The disadvantage of this topology is that a failure in any cable or node breaks the loop and takes down the entire network. In employing a ring network, a fiber distribution data interface, synchronous optical network, or token ring technology is typically used to avoid problems. Normally, due to the power budget problem in the link, a limited number of nodes in a typical ring (less than six users at a bit rate 2.5 Gbits/s[@b24-ijn-6-2385]) is used. Ross[@b25-ijn-6-2385] has reported a ring network that can accommodate 25 nodes by using erbium-dope fiber amplifiers with a narrowband channel dropping at the same bit rate. The last proposed network is a bus network, as shown in [Figure 3](#f3-ijn-6-2385){ref-type="fig"}, in which a common backbone or trunk is used to connect all nodes in a network in a linear shape. A single cable functions as the shared communication medium for all the nodes attached with this cable with an interface connector. The node communicates to all outer nodes attached with the shared cable but only the intended recipient actually accepts and processes the message. The advantages of a bus network are that it is easy to install and requires fewer cables, because only a main shared cable is used for the network. However, bus networks work best with a limited number of node users and less than 20 nodes, as described by Willner and Hwang.[@b26-ijn-6-2385] If more than a few dozen nodes are added to a bus network, performance becomes a problem.

In this case, it is assumed that the spherical particle is polystyrene (n = 1.5894), the liquid medium is water (n = 1.33), and the optical power, which is required to trap particles of a certain size/polarizability, is 9.1 W. In simulation, an add/drop filter is a linear device, which means that the difference in phase can be neglected. The Gaussian pulse with center wavelength at 500 nm, peak power 2 W, and pulse width of 35 fs is inputted into the system via the input port. The control signal is bright soliton, where the coupling coefficients are given as *κ*~0~ = 0.5, *κ*~1~ = 0.35, *κ*~2~ = 0.1, and *κ*~3~ = 0.35, respectively. The ring radii are *R~add~* = 20 μm and *R~R~* = *R~L~* = 5 μm, respectively. Evidence on the practical device with the radius of 2 to 3 μm has been reported by Piyatamrong et al[@b27-ijn-6-2385] and *A~eff~* is 200 μm^2^. The dynamic tweezers (gradient fields) in the form of Gaussian pulse can be used to trap the required microscopic volume. Four different center wavelengths of tweezers are generated, in which the dynamic movements of trapped particles appear, as shown in [Figure 4](#f4-ijn-6-2385){ref-type="fig"}. The molecular trapping probe can be adjusted to fit the drug molecule size from 10 to 15 nm, for drug molecule transportation at the through port and networks as shown in [Figure 5](#f5-ijn-6-2385){ref-type="fig"}. The number of molecules can be increased within the PANDA ring resonator (as shown in [Figure 5A](#f5-ijn-6-2385){ref-type="fig"}). In addition, the trapping tool (probe) or dynamic well size can be adjusted by varying the coupling coefficient of the PANDA microring (as shown in [Figure 5B](#f5-ijn-6-2385){ref-type="fig"}). In addition, the tap coefficient, which is used in the crosstalk calculation, follows that of Ramaswami and Liu.[@b11-ijn-6-2385]

Molecular network performance
=============================

According to the network parameters presented,[@b28-ijn-6-2385]--[@b30-ijn-6-2385] the proposed network topologies are compared, as shown in [Table 1](#t1-ijn-6-2385){ref-type="table"}. Three parameters are used to calculate the crosstalk of each node in decibel units (*FC~j~* (*λ~i~*)), in which the crosstalk and SNR are used to evaluate the efficiency of each topology. The simulation parameters are kept at the same values for the comparison, otherwise different results would have been obtained. The topology for a higher SNR and lower crosstalk effect ratio is more reliable for drug delivery and diagnosis network requirements. In the star network, the performance of each node is the same, which reduces the tendency of network failure by connecting the whole system to a central node. Hence, the failure of a transmission line linking any peripheral node to the central node does not affect the rest of the system. In the star topology, the data package or message is transmitted quickly and does not pass through any unnecessary node. The star network requires less cable than a mesh network, but each node must be linked to the central hub.

For the ring network, the signal passes through each network node containing the amplifier, so that the signal is amplified and increased in quality factor (*Q*); that is, the signal keeps improving as it passes through the successive nodes. However, in a ring network, the failure of a single node can disable the entire network and unidirectional traffic becomes a disadvantage of this topology. To overcome this problem, a fiber distributed data interconnection network is applied for the data package, so that, in case of a ring break, the data package or message is wrapped back onto the complementary ring before reaching the end of the cable ring, as indicated by the name "token ring network." In bus network topology, the quality of signal decreases with a decrease in input signal power, and the power penalty goes on increasing; in other words, performance goes down as additional nodes are added to the network. The decrease in quality factor is due to nonuniform power distribution among nodes in the network. However, the main limitation of this topology is cable length and the number of nodes. If a cable is broken, the entire network goes down and the maintenance cost can be very high in the long run.

Conclusion
==========

This paper proposes the use of network topology for drug delivery and diagnosis network design. The quality of network reliability is calculated in terms of crosstalk effect and SNR value. The experimental results show that the performance of the ring and star network is better than the optical bus network because of fewer values of power loss, crosstalk, and SNR factors. In simulation, all device parameters were chosen specifically so that the practical device that could be fabricated and constructed. In practical application, the small network can be designed by using thin film technology. The molecular network device can be fabricated and embedded within the human body and the required molecular diagnosis can be realized, which will be the subject of future investigation.
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![Schematic diagram of molecular star network, comprising four nanodevices before reaching the neuronal cells.](ijn-6-2385f1){#f1-ijn-6-2385}

![Schematic diagram of molecular ring network.](ijn-6-2385f2){#f2-ijn-6-2385}

![Schematic diagram of molecular bus network.](ijn-6-2385f3){#f3-ijn-6-2385}

![Result of the dynamic tweezers with different wavelengths (**A**--**D**), showing the tunable tweezer by coupling constants, where *R~ad~* = 20 μm, *R~R~* = *R~L~* = 5 μm.](ijn-6-2385f4){#f4-ijn-6-2385}

![Results of the trapping tools, where **A** and **B** show different sizes and wavelengths, **C** shows tweezer separation, and **D** shows normalized tweezers, where *R~ad~* = 20 μm, *R~R~* = *R~L~* = 5 μm. The coupling coefficients are *κ*~0~ = 0.5, *κ*~1~ = 0.35, *κ*~2~ = 0.1, and *κ*~3~ = 0. 35. The input power is 1W, *R~ad~* = 20 μm, *R~L~* = *R~R~* = 5 μm, (**A**) wavelength = 400 nm, (**B**) wavelength = 500 nm, (**C**) wavelengths = 400, 500 nm at through port, (**D**) wavelengths = 400, 500 nm at drop port.](ijn-6-2385f5){#f5-ijn-6-2385}

###### 

The comparison of crosstalk and SNR value of three network topologies

  Parameters               Methods                 
  ------------------------ ----------- ----------- -----------
  Tap coefficient (dB)     3           3           3
  Insertion loss (dB)      15          31.3        16.9
  Number of neural nodes   10          10          10
  *FC~j~*(*λ~i~*) (dB)     3.01        3.01        3.01
  Crosstalk ratio (%)      8.595e-21   4.308e-37   1.082e-22
  SNR (dB)                 5.23        5.69        4.95

**Abbreviations:** FC, fiber channel; SNR, signal to noise ratio.
